GC-MS analysis of the hydrodistilled oil of Erigeron mucronatus DC was carried out, after the separation of a crystalline compound, lachnophyllum cumulene. Twenty-four components were identified. The oil contained 59.6% sesquiterpenoids, 16.1% monoterpenoids and 24.3% poly-acetylenic esters. Among the mono and sesquiterpenoids, limonene (10.3%) and caryophyllenes (11.4%) were the major constituents. The essential oil also revealed the unusual presence of both cis (8.3%) and trans (1.1%) methyl lachnophyllum esters. Seasonal variation in the yield of E. mucronatus oil was observed. The yield varied from 0.49 to 0.58%, being highest during the rainy season. Antimicrobial activity was assessed using a method based on zones of inhibition; the oil exhibited maximum anti-bacterial activity against both Staphylococcus aureus and Escherichia coli, but moderate activity against Pseudomonas aeruginosa. Genotoxicity of the oil was determined in AB blood serum at different concentrations and hours of exposure. The antibacterial activity of the oil and its insignificant genotoxicity at low concentrations make the oil a good candidate as a curative agent.
The genus Erigeron, family Asteraceae, consists of more than 400 species. The constituents of various Erigeron species include monoterpenes [1] [2] [3] , sesquiterpenes [1, [3] [4] [5] [6] , diterpenoids [7] , polyacetylenic compounds [3, [5] [6] [7] [8] [9] , pyrone derivatives [10] [11] [12] , sterols [13] , and flavonoids. [14] . E. mucronatus DC. is a Mexican plant growing wild in the Nilgiri Hills. According to Gamble [15] , E. mucronatus is synonymous with Vittedenia australis. It is an annual herb reaching about 300 cm in height with either white or pink colored flowers.
The tribes of the Nilgiri Hills use this plant as a folk medicine for the treatment of diarrhea, dysentery, epilepsy, hemorrhages, paralysis, diabetes and certain other diseases. Though the use of this plant is very common among the local medical practitioners, there is no scientific literature available on its chemical constitution and bioactivities. Therefore, the medicinal importance of this herb was an attraction and encouragement to conduct studies on its chemical composition and bioactivities. The objectives of the present work were the extraction of the essential oil of E. mucronatus, identification of its volatile components, and a study of the antibacterial activity and genotoxic properties of the oil.
The leaves of the plant were subjected to hydrodistillation in a Clevenger apparatus. The pale yellow, pleasant smelling, syrupy oil was obtained in a yield of 0.5%. The physical constants of the oil are given in Table 1 . Colorless crystals of lachnophyllum cumulene separated from E. mucronatus oil upon cooling. The yield of total oil was not constant and varied from 0.49% (March-May) to 0.58% (June-August, rainy season). Yields of 0.50% and 0.52% were obtained in September to November, and December to February, respectively. The E. mucronatus oil, after the GC-MS analysis of E. mucronatus oil extracted during the rainy season (June-August) revealed the presence of separation of 1, was subjected to GC-MS analysis in the total ion chromatographic mode. twenty-eight components, of which twenty-four were identified by mass spectral analysis ( Table 2) . Sesquiterpenoids predominated (61.7%) over monoterpenoids (16.1%), as exhibited also by other Erigeron essential oils. However, the oil of E. mucronatus had a higher percentage of sesquiterpenoid components than those of the other reported species. The overall ester content of the oil was 24.3%, of which lachnophyllum and matricaria esters contributed 23.1%. The occurrence and reasonably higher percentage of these two esters in this oil were not reported for the other Erigeron species examined. Caryophyllenes (11.4%), which are reported to be potential anticarcinogenic agents [16] , were present in a higher percentage in the oil of E. mucronatus. The GC-MS analysis also revealed the unusual presence of both cis-(8.3%) and trans-(1.1%) methyl lachnophyllum esters [17] . This phenomenon occurs in only a few Erigeron species.
Lachnophyllum cumulene was identified from spectral data. It was reported earlier as a constituent of the essential oil of E. canadensis [18] . This cumulene was estimated to represent 10% by weight of the pure oil of E.mucronatus.
The antimicrobial activity of the oil was assessed using three bacterial cultures (Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa). The controls used were cloxacillin, cephotaxime and imipenem, respectively The zones of inhibition produced by the oil and the controls were observed. The The use of medicinal herbs has been a common practice in Asia, but their genotoxic properties are little known.
In the present study, the oil of E. mucronatus was evaluated for genotoxicity by adding different concentrations of the oil to cultures of human peripheral leucocytes in vitro. Possible aberrations include chromatid gaps, chromatid breaks involving chromatids, and acentric and dicentric chromosomes. Polyploid cells were also screened in all the slides. The clastogenic properties were studied by investigating the effects of the oil on human chromosomes in vitro in leukocyte cultures. Volumes of 1, 1.5, 2, 2.5 and 3.0 μL of oil were added to a peripheral blood leucocyte culture (PBLC) and the percentage of chromosomal aberrations produced was observed. Addition of the oil at 0, 24, 48 and 72 hours after initiation of PBLC induced chromatid type aberration, as well as gaps and breaks, and acentric chromosomes. The two control cultures exhibited a frequency of 0.6 and 1.4% CA, while the cultures with different concentrations of the oil (1, 1.5, 2, 2.5 and 3.0 μL) added at 72 h displayed 2.0, 2.0, 2.6, 2.9 and 2.9% of aberration. A dose dependent increase in the frequency of CA with regard to increase in concentration of the oil is significant from the above result. It is, therefore, inferred from the above findings that E. mucronatus oil has a negligible genotoxic effect at low concentrations and short periods of exposure, but significant genotoxicity at higher concentrations and longer periods of exposure.
The efficacy of the oil as an antibacterial agent, as well as its low genotoxic effect in low concentrations, make E. mucronatus oil a good choice as a curative agent.
Experimental
General: Refractive index was recorded in a RFM340 refractometer at 25°C. Optical rotation of the oil was determined using an Auto Pol 880 polarimeter. hydrodistillation in a Clevenger apparatus for 2 h. The pale yellow, pleasant smelling, syrupy oil was collected over water. The yield of oil was 0.5% Prior to determining the refractive index, 0.5 g of E. mucronatus oil was decolorized with activated charcoal.
GC and GC-MS analysis of oil after separation of crystalline compound:
GC was carried out using a Hewlett-Packard gas chromatograph, model 5890 (Schimadzu, Japan), equipped with electronic integrators, 50 m x 0.2 mm (film thickness 0.17μm). Carbowax and methyl silicone capillary column were utilized for the analysis. The temperature programming was maintained from 80ºC to 200ºC and held for one minute at 80ºC and 20 minutes at 200ºC. FID and injector temperature were 300ºC and 250ºC, respectively. Nitrogen was used as the carrier gas at a flow rate of 1 mL/min, with a split ratio of 1:7.5. º GC-MS studies were carried out on a Hewlett-Packard gas chromatograph coupled with a Schimadzu mass spectrometer. For GC, a dimethylpolysiloxane DB-5 fused silica capillary column (30 m x 0.25 mm, film thickness 0.1 μm) was used, with helium (1 mL/min) as carrier gas. The temperature programming was maintained from 80º to 200ºC and held for 1 min at 80ºC and 20 mins at 200ºC. FID and injector temperatures were 300ºC and 250ºC, respectively. Electron impact ionization voltage 70eV, source temperature 150°C, electron multiplier at 2000 eV, scan speed 690amu/s and scan range 40-500 amu were the MS conditions applied. The constituents were identified and confirmed by comparison with those of the stored data in computer libraries (NIST and Wiley libraries), coupled with GC-MS instrument.
Separation of lachnophyllum cumulene crystals:
Colorless, needle shaped crystals settled at the bottom of the oil container after standing for 24 h (10% by weight of the oil). The pure crystalline compound was identified from its mp and spectral data.
Antibacterial activity: Antibacterial activities were assessed by adopting a standardized filter paper disc agar diffusion method [19] . 
Harvesting of culture:
The dividing cells were arrested at metaphase, 45 minutes before harvest of the culture, by adding 0.05 mL of colchicine solution (0.01 %). The contents of the vial were centrifuged at 2000 rpm for 15 mins at the end of the colchicine treatment. The supernatant liquid was discarded and 7 mL of prewarmed hypotonic solution (0.075 M KCl) was added to the cell button. The cells were incubated for 7 mins, sedimented after centrifugation at 2000 rpm for 10 mins, and then fixed in freshly prepared fixative (methanol and glacial acetic acid, 3:1, v/v). Slides were prepared and stained in a 4% buffered solution of Giemsa. Three hundred and fifty well-banded metaphases were analyzed for each treatment under an oil immersion lens.
Preparation of chromosome slides and GTG banding:
A test slide was prepared by placing a drop of the cell suspension on a sterile, clean chilled slide and dried immediately at 40°C for a few seconds on a hot plate. The slide was examined under a microscope to see whether the concentration of cells and the spread of the chromosomes enabled detailed examination of metaphases. The rest of the slides were prepared after making suitable dilutions of the cell suspension with fresh fixative. For GTG banding, the modified method of Seabright [20] was employed using trypsin and Giemsa to obtain chromosomal bands.
